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Intestinal flora contains a reservoir of Gram-negative bacilli (GNB) resistant to cephalosporins, which are potentially pathogenic
for intensive care unit (ICU) patients; this has led to increasing use of carbapenems. The emergence of carbapenem resistance is a
major concern for ICUs. Therefore, in this study, we aimed to assess the intestinal carriage of imipenem-resistant GNB (IR-
GNB) in intensive care patients. For 6 months, 523 consecutive ICU patients were screened for rectal IR-GNB colonization upon
admission and weekly thereafter. The phenotypes and genotypes of all isolates were determined, and a case control study was
performed to identify risk factors for colonization. The IR-GNB colonization rate increased regularly from 5.6% after 1 week to
58.6% after 6 weeks in the ICU. In all, 56 IR-GNB strains were collected from 50 patients: 36 Pseudomonas aeruginosa strains, 12
Stenotrophomonas maltophilia strains, 6 Enterobacteriaceae strains, and 2 Acinetobacter baumannii strains. In P. aeruginosa,
imipenem resistance was due to chromosomally encoded resistance (32 strains) or carbapenemase production (4 strains). In the
Enterobacteriaceae strains, resistance was due to AmpC cephalosporinase and/or extended-spectrum �-lactamase production
with porin loss. Genomic comparison showed that the strains were highly diverse, with 8 exceptions (4 VIM-2 carbapenemase-
producing P. aeruginosa strains, 2 Klebsiella pneumoniae strains, and 2 S. maltophilia strains). The main risk factor for IR-GNB
colonization was prior imipenem exposure. The odds ratio for colonization was already as high as 5.9 (95% confidence interval
[95% CI], 1.5 to 25.7) after 1 to 3 days of exposure and increased to 7.8 (95% CI, 2.4 to 29.8) thereafter. In conclusion, even brief
exposure to imipenem is a major risk factor for IR-GNB carriage.

Intestinal flora form a major reservoir of Gram-negative bacilli
(GNB), including members of the family Enterobacteriaceae and

nonfermenters such as Pseudomonas aeruginosa and Acinetobacter
baumannii, all of which are potentially pathogenic for patients
hospitalized in intensive care units (ICUs). These GNB are in-
creasingly resistant to antibiotics and particularly to broad-spec-
trum cephalosporins, because of the global spread of extended-
spectrum �-lactamase (ESBL)-producing Enterobacteriaceae and
because of the emergence of Enterobacteriaceae and P. aeruginosa
producing high levels of AmpC cephalosporinase (1–3). Carbap-
enems are currently the only active beta-lactams effective against
these bacteria; this has led to an increase in their use not only for
documented infections but also for empirical treatment of ac-
quired hospital infections such as those occurring in ICU patients
(3). Thus, selective pressure for carbapenem resistance has spread
progressively (4); in response, resistance to carbapenems emerged
rapidly during the 1990s and continues to increase worldwide not
only in nonfermenter GNB but also in Enterobacteriaceae (5). Car-
bapenem resistance in GNB can result from various mechanisms,
including (i) selective loss of external membrane permeability
(such as OprD porin loss in P. aeruginosa) (6); (ii) the combina-
tion of impermeability with various broad-spectrum �-lactama-
ses (extended-spectrum �-lactamase and/or cephalosporinase)
(7–9); and (iii) carbapenem-hydrolyzing enzymes, i.e., carbapen-
emases. This last mechanism is of particular concern, because the
genes encoding carbapenemases (e.g., blaKPC, blaVIM, blaOXA-23,
blaOXA-48, blaIMP, and blaNDM) are carried by transmissible genetic

elements with high dissemination potential (10, 11). In addition,
carbapenem-resistant GNB are often resistant to other classes of
antibiotics such as aminoglycosides, fluoroquinolones, and co-
trimoxazole (12), leaving very few therapeutic options (13). ICU-
acquired infections due to imipenem-resistant GNB (IR-GNB)
are associated with more-severe clinical outcomes and higher
morbidity and mortality (14, 15). Control of IR-GNB in the ICU is
an important method of preserving carbapenem efficacy (16) but
is difficult to achieve because their paths of emergence and dis-
semination are not yet fully described. Intestinal flora play a cen-
tral role in the epidemiology of antibiotic-resistant GNB (17, 18),
and many ICU patient infections originate in the intestinal tract
(19). However, the dynamics, characteristics, and risk factors of
intestinal colonization by carbapenem-resistant GNB in ICU pa-
tients are still poorly described, which precludes the design of
tailored control measures. In order to clarify this aspect, we pro-
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spectively analyzed the epidemiology of the intestinal carriage of
IR-GNB in the ICU.

MATERIALS AND METHODS
Study design. This study was performed from May to October 2008 in the
26-bed medical ICU (M-ICU) and the 18-bed surgical ICU (S-ICU) of
Bichat-Claude Bernard University hospital (Paris, France), a large sec-
ondary care teaching hospital with 950 beds. We benefited from the fact
that rectal swabs are collected on a routine basis upon admission of each
patient to these units and weekly thereafter, for screening of carriage of
ESBL-producing Enterobacteriaceae. This process is part of a package that
aims to control the spread of multiresistant bacteria and also applies iso-
lation procedures and contact precautions to all colonized patients (20).

Policy of antibiotic use in participating ICUs. No selective decon-
tamination protocol was used. Semiinvasive and invasive diagnostic strat-
egies were used to determine the cause of infections. Ventilator-associated
pneumonia (VAP) and postoperative peritonitis accounted for over 80%
of all nosocomial infections observed. Risk factors for multidrug-resistant
(MDR) pathogens were assessed when choosing empirical therapy (21).
When present, broad-spectrum antibiotics were used according to the
current guidelines (21, 22), combining imipenem (1 g every 8 h [q8h], in
the absence of renal failure) and aminoglycoside or fluoroquinolone, plus
glycopeptide or linezolid if �-lactam-resistant Gram-positive cocci were
suspected. Deescalation was considered when microbiological results be-
came available. The duration of treatment followed current guidelines
(21–23). The levels of procalcitonin in plasma were monitored, and the
results were used as previously described (23).

Microbiology. During the study period, all rectal swabs from patients
admitted for the first time to the ICU were additionally screened for IR-
GNB by plating on Drigalski agar (Bio-Rad, Marne-la-Coquette, France)
with imipenem and ertapenem Etest strips (bioMérieux, Marcy l’Etoile,
France) laid top-to-tail; the plates were incubated at 37°C for 24 h. This
method is similar to that described previously except for the use of broth
enrichment (24). All GNB (Enterobacteriaceae and nonfermenters) grow-
ing within the inhibition ellipse of the imipenem strip up to 2 mg/liter and
all Enterobacteriaceae growing within the inhibition ellipse of the ertap-
enem strip up to 0.5 mg/liter were collected. These cutoffs were chosen
according to the imipenem and ertapenem susceptibility breakpoints de-
fined by the Antibiogram Committee of the French Society of Microbiol-
ogy (CA-SFM) (http://www.sfm-microbiologie.org). Escherichia coli
ATCC 25922 (MIC for ertapenem, 0.004 to 0.016 mg/liter and for imi-
penem, 0.064 to 0.25 mg/liter) and Pseudomonas aeruginosa ATCC 27853
(MIC for imipenem, 0.064 to 0.25 mg/liter) were used as controls. Only
the first resistant isolate of each species was analyzed. Identification was
performed using API 20E for Enterobacteriaceae and API 20NE for non-
fermenter GNB identification (ID) systems (bioMérieux, Marcy l’Etoile,
France). The MICs of imipenem and ertapenem were determined using
Etests (bioMérieux, Marcy l’Etoile, France), in accordance with the man-
ufacturer’s recommendations. MICs were interpreted according to the
recommendations of the CA-SFM. All strains with confirmed resistance
or intermediate susceptibility to imipenem or ertapenem were studied
further. For these strains, susceptibility to amoxicillin, amoxicillin-clavu-
lanic acid, ticarcillin, ticarcillin-clavulanic acid, piperacillin, piperacillin-
tazobactam, cefalotin, cefoxitin, cefotaxime, ceftazidime, cefepime, az-
treonam, ertapenem, imipenem, gentamicin, amikacin, tobramycin,
nalidixic acid, ofloxacin, ciprofloxacin, co-trimoxazole, and tigecycline
was tested using the disk diffusion method on Mueller-Hinton medium
(Bio-Rad, Marne-la-Coquette, France); results were interpreted accord-
ing to the recommendations of the CA-SFM.

Carbapenem resistance mechanisms were analyzed as follows. P.
aeruginosa strains were first screened for the presence of carbapenemase
by positive double-disk synergy tests (DDSTs) between imipenem and
EDTA (10 �l, 100 mM), and/or ceftazidime and EDTA. Positive strains
were further screened using PCR for carbapenemase genes, including bla-

VIMgroup1, blaVIMgroup2, blaIMPgroup1, blaIMPgroup2, and blaGES as described

previously (25). Amplification products were sequenced and submitted to
the National Center for Biotechnology Information library for identifica-
tion (http://blast.ncbi.nlm.nih.gov). Overproduction of intrinsic �-lacta-
mase AmpC was assessed phenotypically by restoration of susceptibility to
ceftazidime on Mueller-Hinton agar plates containing 1,000 mg/liter
cloxacillin. Porin OprD-deficient mutants and overproduction of MexAB
efflux system were detected as described previously (26).

Enterobacteriaceae strains were first screened for carbapenemase
genes, including blaVIMgroup1, blaVIMgroup2, blaIMPgroup1, blaIMPgroup2,
blaKPC, blaOXA-48, and blaGES as described previously (25, 27–29). In the
absence of carbapenemase, intermediate strains and strains resistant to ertap-
enem but susceptible to imipenem were not taken into account in further
analysis. In contrast, the presence of ESBL was detected in imipenem-resistant
strains using the double-disk synergy test as described previously (30),
and overproduction of intrinsic or plasmid cephalosporinase AmpC was de-
tected by studying susceptibility on cloxacillin agar also as described previ-
ously (31). ESBL and AmpC-positive strains were then screened for the pres-
ence of blaTEM, blaSHV,blaCTX-Mgroup1, blaCTX-Mgroup2, blaCTX-Mgroup8/25,
blaampC-CITgroup blaampC-ENTgroup, and blaDHA genes as described previously
(32). Amplification products were sequenced and analyzed as described pre-
viously (32). We also used the laboratory database to check whether any of the
patients with imipenem-resistant (IR) Enterobacteriaceae previously had
strains from the same species with the same resistance pattern except for
carbapenems (imipenem-susceptible [IS] Enterobacteriaceae) isolated from a
clinical specimen. If they did, outer membrane protein (OMP) patterns of the
IS and IR strains were analyzed by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis and compared as described previously (33).

In Acinetobacter baumannii, blaVIMgroup1, blaVIMgroup2, blaIMPgroup1,
blaIMPgroup2, blaKPC, blaOXA-23, blaOXA-40, and blaOXA-58 carbapenemase
genes were detected by PCR (25, 27–29).

Carbapenem resistance in Stenotrophomonas maltophilia is natural
and was not further investigated.

Genetic relatedness between P. aeruginosa, K. pneumoniae, A. bau-
mannii, and S. maltophilia strains and between pairs of IR and IS Entero-
bacteriaceae was determined and analyzed using the semiautomated re-
petitive-sequence-based PCR (rep-PCR) DiversiLab system (bioMérieux,
Marcy l’Etoile, France). Strains were subcultured on Trypticase soy agar
(Oxoid, Dardilly, France) at 37°C for 24 h. DNA was extracted using the
UltraClean microbial DNA isolation kit (Mo Bio Laboratories, Saint
Quentin en Yvelines, France) as described by the manufacturer. The con-
centration of extracted DNA was determined using a Nanodrop ND1000
spectrophotometer (Labtech). DNA amplification was performed using
the designated DL fingerprinting kit for each species in accordance with
the manufacturer’s instructions. After amplification, PCR products were
separated by electrophoresis using microfluidic lab-on-a-chip technology
(Agilent bioanalyzer 2100) and analyzed by the DiversiLab software (v3.4)
using Pearson correlation coefficient pairwise pattern matching and the
unweighted-pair group method using average linkage (UPGMA) cluster-
ing. Strains with 97% similarity or more were considered indistinguish-
able (34).

Risk factor analysis. Carrier patients were defined as those with at
least one rectal swab test-positive result for IR-GNB. Carriage detected
more than 48 h after ICU admission was considered ICU-acquired GNB.
The period between admission and acquisition of IR-GNB carriage was
defined as the surveillance period. Each ICU-acquired IR-GNB carrier
was matched with a control patient chosen from IR-GNB-negative pa-
tients, who were present in the same ICU for at least as long as the surveil-
lance period of the case patient. Demographic data, characteristics at ad-
mission (including ICU, patient’s location prior to admission,
comorbidities, and McCabe and SAPS [Simplified Acute Physiology
Score] II scores calculated as described previously (35, 36), and prior
colonization with ESBL-producing Enterobacteriaceae), antibiotic expo-
sure during ICU stay, and outcome (ICU stay duration and death) were
collected for IR-GNB carriers and noncarrier controls. Case and con-
trol characteristics were compared using R software (version 2.13.0
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[http://www.cran.r-project.org]). Bivariate analysis of discrete vari-
ables was performed using the two-sided Pearson’s chi-squared test and
Fisher’s exact test (� � 0.05). Student’s t test, and Wilcoxon test were used
for continuous variables (� � 0.05). Variables with univariate P values of
�0.15 were included in the multivariate analysis, which was performed
using descending stepwise logistic regression.

RESULTS
Study population and prevalence of IR-GNB carriage. There
were 523 first admissions to the 2 ICUs during the study period
(363 to the medical and 160 to the surgical ICU).

The male-to-female ratio was 1.80, the median age was 58 years
(range, 17 to 95 years), and the median SAPS II score was 37
(range, 6 to 120). The median length of ICU stay was 6 days (2 to
136 days). Two hundred fifty-four patients (48.6%) were screened
only once (upon admission), while 269 (51.4%) patients had at
least 2 swabs (range, 2 to 19 swabs). IR-GNB prevalence at admis-
sion was 2.1% (11/523), 1.9% in M-ICU versus 2.5% in S-ICU
(not statistically significant [NS]). The acquisition rate was 14.5%
(39/269), 14.4% (24/167) in M-ICU versus 14.7% (15/102) in S-
ICU (NS). Thirty-four patients acquired a single IR-GNB, 5 ac-
quired 2 IR-GNB, and a single patient who was already a carrier

upon admission acquired a second IR-GNB during the hospital
stay. The median time between admission in ICU and acquisition
of carriage was 15 days (range, 3 to 135 days). At the first weekly
screening after admission, the prevalence of IR-GNB carriers was
5.6% (15/269). This value increased to 15.1% (19/126), 29.7%
(22/74), 36.8% (21/57), 44.7% (17/38), and 58.6% (17/29) after 2,
3, 4, 5, and 6 weeks of hospitalization, respectively (Fig. 1).

Strain characteristics. In all, 56 IR-GNB strains were isolated
from 50 patients. Nine P. aeruginosa strains and 2 Stenotrophomo-
nas maltophilia strains were isolated upon admission, while 27 P.
aeruginosa strains, 10 S. maltophilia strains, 3 K. pneumoniae
strains, 2 A. baumannii strains, 1 Enterobacter aerogenes strain, 1
Enterobacter cloacae strain, and 1 Hafnia alvei strain were acquired
later. The acquisition rates of IR P. aeruginosa, S. maltophilia, En-
terobacteriaceae, and A. baumannii carriage were 10.0% (27/269),
3.7% (10/269), 2.2% (6/269), and 0.7% (2/269), respectively (P �
0.001). The median times between admission and acquisition of
colonization were 13 (12 to 19) days, 15 (4 to 135) days, 21 (3 to
101) days, and 58.5 (52 to 65) days for Enterobacteriaceae, P.
aeruginosa, S. maltophilia, and A. baumannii strains, respectively
(NS).

For P. aeruginosa strains, imipenem resistance was due to the
association of chromosomally encoded resistance mechanisms
(inactivation of the OprD gene alone [n � 19] with hyperexpres-
sion of AmpC [n � 6], overproduction of the MexAB efflux sys-
tem [n � 4], or both [n � 2]) except for 4 strains (11%) producing
a VIM-2 carbapenemase and 1 strain producing a GES-9 ESBL
(Table 1).

No carbapenemase was found in any Enterobacteriaceae
strains. Among IR Enterobacteriaceae strains, 2 K. pneumoniae
strains produced a plasmid-encoded cephalosporinase DHA-1
and 1 K. pneumoniae strain produced an ESBL CTX-M-15, 2 En-
terobacter spp. overproduced natural AmpC and carried ESBL
SHV-12 (in E. cloacae) or TEM-24 (E. aerogenes), and 1 Hafnia
alvei strain overproduced AmpC only (Table 1). The MICs for
ertapenem and imipenem are presented in Table 1, according to

FIG 1 Rates of intestinal colonization by imipenem-resistant gram-negative
bacilli in intensive care patients. Bars indicate observed rates � standard de-
viation (SD) (error bars).

TABLE 1 Mechanisms of resistance and MICs for imipenem and ertapenem of 56 isolated imipenem-resistant Gram-negative bacilli

Species
No. of
strains

Resistance mechanismsa MIC (mg/liter)b

Enzymes Other Imipenem Ertapenem

P. aeruginosa 19 OprD� 6–�32 ND
6 AmpC		 OprD� 16–�32 ND
4 OprD� MexAB efflux 		 24–�32 ND
2 AmpC		 OprD� MexAB efflux 		 24–32 ND
1 GES-9 OprD� �32 ND
4 VIM-2 �32 ND

Enterobacteriaceae
K. pneumoniae 2 DHA-1 OMP� 24–32 �32

1 TEM-1 CTX-M15 NP 3 �32
E. aerogenes 1 TEM-24 AmpC		 OMP� 16 �32
E. cloacae 1 SHV-12 AmpC		 OMP� 32 �32
H. alvei 1 AmpC		 NP 4 32

A. baumannii 2 6–12 ND

S. maltophilia 12 Wild type ND ND
a OprD�, loss of OprD porin; AmpC		, hyperexpression of AmpC chromosomal cephalosporinase; MexAB efflux 		, hyperexpression of MexAB-OprM system efflux; OMP�,
loss or reduced expression of outer membrane protein; NP, OMP analysis not performed.
b ND, not determined.
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resistance mechanisms. No carbapenemase was identified in A.
baumannii strains.

Three pairs of IR and IS Enterobacteriaceae of the same species
and isolated from the same patients were available for OMP anal-
ysis. Strains from each pair had indistinguishable rep-PCR pattern
(data not shown). Compared to the susceptible strain, one DHA-
1-producing IR K. pneumoniae strain lacked a major 35-kDa
OMP, the E. aerogenes strain lacked a major 37-kDa OMP, and the
E. cloacae strain had reduced expression of a major 37-kDa OMP.

High genetic diversity was observed among the 36 P. aerugi-
nosa strains, except for 1 cluster of 4 strains carrying VIM-2 car-
bapenemase. Two of the 3 K. pneumoniae strains, which were pro-
ducing DHA-1, were indistinguishable. In contrast, the 2 IR A.
baumannii strains were different. High genetic diversity was also
observed among the 12 S. maltophilia strains except for 2 with
indistinguishable patterns (Fig. 2).

Risk factors for IR-GNB colonization. This case control
study included 36/39 cases; 3 IR-GNB acquirers (2 in M-ICU
and 1 in S-ICU) with a surveillance period of �60 days were
excluded due to a lack of proper controls. Univariate analysis
showed that the only risk factor associated with the acquisition
of IR-GNB carriage was prior exposure to imipenem (P �

0.001), and this was confirmed by multivariate analysis. In ad-
dition, a dose-dependent relationship was identified between
length of exposure and likelihood of colonization. The increase
in risk, which was already at 5.9 (95% CI, 1.5 to 25.7) over
controls in cases that received 1 to 3 days of imipenem treat-
ment, increased further to 7.8 (95% CI, 2.4 to 29.8) in those
who received more than 3 days of imipenem treatment. In
contrast, prior exposure to penicillin conferred protection
(odds ratio [OR] � 0.3; 95% CI, 0.1 to 0.8) (Table 2). This
analysis was repeated in the subgroup of patients colonized
with IR P. aeruginosa; the ORs for IR P. aeruginosa carriage
acquisition were 5.3 (95% CI, 1.0 to 38.4] and 6.8 (95% CI, 1.2
to 50.2) when patients received fewer than or more than 3 days
of imipenem treatment, respectively (Table 3). No risk factor
analysis was performed for other species because the numbers
of cases were too low.

DISCUSSION

Our main finding is that even a short exposure to imipenem was
followed by a significant increase in carriage of IR-GNB. The risk
of acquisition was 5.9 times higher in carriers than in controls who
received only 1 to 3 days of imipenem treatment and increased to

FIG 2 Dendrogram and rep-PCR fingerprints of Pseudomonas aeruginosa (a), Stenotrophomonas maltophilia (b), Klebsiella pneumoniae (c), and Acinetobacter
baumannii (d).

Imipenem Resistance in Intensive Care Patients

March 2013 Volume 57 Number 3 aac.asm.org 1491

http://aac.asm.org


7.8 in those who received treatment for longer. It was known that
imipenem exposure was associated with the emergence of resis-
tance to imipenem (37, 38), but the risk associated with short-
treatment duration (1 to 3 days) was unknown. Our results sug-

gest that prescribing carbapenems empirically before the
availability of bacteriological results in patients suspected of GNB
infections susceptible only to this class of beta-lactams, i.e., ESBL
producers, may increase the likelihood of developing IR-GNB in-

TABLE 2 Univariate and multivariate analysis of risk factors associated with intestinal colonization of imipenem-resistant Gram-negative bacillia

Characteristic or outcome

No. of individuals or parameter value
(%, unless range is specified)

Univariate
ORb Univariate Pc

Multivariate
ORd

Carrier patients
(n � 36) Controls (n � 36)

Sociodemographic characteristics
Age, yr [avg (range)] 58.3 (30–86) 59.9 (37–86) 0.57
Sex ratio (F/M)e 0.33 0.64 0.31

Characteristics at admission
Type of ICU 1.00

Surgical 14 (38.9) 14 (38.9) 1.0
Medical 22 (61.1) 22 (61.1) 1.0 (0.3–2.9)

Origin 0.69
Home 8 (22.2) 10 (27.8) 1.0
Hospital 27 (75.0) 24 (66.7) 1.4 (0.4–4.8)
Other 1 (2.8) 2 (5.6) 0.6 (0.1–14.4)

Cancer 2 (5.6) 2 (5.6) 1.0 (0.1–14.5) 1.00
HIV 3 (8.3) 4 (11.1) 0.7 (0.1–4.7) 1.00
Respiratory failure 7 (19.4) 3 (8.3) 2.6 (0.5–17.2) 0.31
Renal failure 6 (16.7) 1 (2.8) 6.8 (0.8–330.4) 0.11
Cardiac failure 3 (8.3) 4 (11.1) 0.7 (0.1–4.7) 1.00
Obesity 6 (16.7) 6 (16.7) 1.0 (0.2–4.2) 1.00
Pulmonary transplantation 3 (8.3) 2 (5.6) 1.5 (0.2–19.5) 1.00
Diabetes mellitus 4 (11.1) 5 (13.9) 0.8 (0.1–4.0) 1.00
Cirrhosis 2 (5.6) 2 (5.6) 1.0 (0.1–14.5) 1.00
McCabe scores 0.07

0 7 (19.4) 15 (41.7) 1.0
�1 29 (80.6) 21 (58.3) 2.9 (0.9–10.0)

SAPS II [median (range)] 48.5 (13–120) 41 (13–104) 0.36

ESBL carriage 8 (22.2) 6 (16.7) 1.4 (0.4–5.7) 0.77
Surveillance period,f days [median (range)] 13.5 (3–52) 12.5 (3–52) 0.97

Antibiotic treatments
Exposure time to antibiotics, days [median (range)] 11.5 (0–51) 9.0 (0–37) 0.84
Penicillin exposure 8 (22.2) 16 (44.4) 0.4 (0.1–1.1) 0.08 0.3 (0.1–0.8)
Penicillin and �-lactamase inhibitor exposure 17 (47.2) 20 (55.6) 0.7 (0.3–2.0) 0.64
Cephalosporin exposure 20 (55.6) 17 (47.2) 1.4 (0.5–3.9) 0.64
Imipenem exposure 28 (77.8) 14 (38.9) 5.4 (1.8–17.8) �0.01
Days of imipenem exposure �0.01

0 8 (22.2) 22 (61.1) 1.0 1.0
1 to 3 10 (27.8) 6 (16.7) 4.4 (1.1–20.5) 5.9 (1.5–25.7)
4 to 21 18 (50.0) 8 (22.2) 6.0 (1.7–23.3) 7.8 (2.4–29.8)

Fluoroquinolone exposure 9 (25.0) 8 (22.2) 1.2 (0.3–4.0) 1.00
Aminoglycoside exposure 25 (69.4) 21 (58.3) 1.6 (0.6–4.8) 0.46
Glycopeptide exposure 20 (55.6) 11 (30.6) 2.8 (1.0–8.4) 0.06
Metronidazole exposure 5 (13.9) 6 (16.7) 0.8 (0.2–3.6) 1.00
Macrolide exposure 5 (13.9) 3 (8.3) 1.8 (0.3–12.3) 0.71
Colistin exposure 5 (13.9) 2 (5.6) 2.7 (0.4–30.4) 0.43

Outcome
ICU stay, days [median (range)] 33.5 (4–173) 15.5 (5–137) 0.14
Death 13 (36.1) 11 (30.6) 1.3 (0.4–3.9) 0.80

a Imipenem-resistant Gram-negative bacilli including Pseudomonas aeruginosa, Stenotrophomonas maltophilia, Enterobacteriaceae, and Acinetobacter baumannii.
b Odds ratios (ORs) are given with the 95% confidence intervals in parentheses.
c Bivariate analysis was performed using Pearson’s chi-squared, Fisher’s exact, Wilcoxon, or Welch test (� � 0.05).
d Variables with univariate P value of �0.15 were included for multivariate analysis, which was performed using descending stepwise logistic regression.
e F, female; M, male.
f Period of surveillance, period between admission and acquisition of imipenem-resistant Gram-negative bacilli.
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fections that will be even more difficult to treat. Given that the
number of such patients is increasing dramatically, this issue
should be investigated further.

Our results also show that the acquisition rate of IR-GNB car-
riage was high (14.5%) and that carriage prevalence increased
steadily during the ICU stay. Approximately 60% of patients hos-
pitalized for 6 weeks or more had IR-GNB in their digestive flora.

Previous studies on digestive colonization in ICU patients have
focused on P. aeruginosa. Among our ICU patients, the acquisi-
tion rate of IR P. aeruginosa carriage was 10%, similar to the 12%
reported in a previous study (38) but higher than the 4.3% re-
ported in another study (37). These studies also showed that prior
carbapenem use was associated with acquisition of IR P. aerugi-
nosa carriage, with ORs ranging from 3.4 to 7.8 (37, 38). These

TABLE 3 Univariate and multivariate analysis of risk factors associated with intestinal colonization of imipenem-resistant Pseudomonas aeruginosa

Characteristic or outcome

No. of individuals or parameter value (%,
unless range is specified)

Univariate
ORa Univariate Pb

Multivariate
ORc

Carrier patients
(n � 22 (%) Controls (n � 22)

Sociodemographic characteristics
Age, yr [avg (range)] 57.3 (30–74) 60.9 (37–80) 0.28
Sex ratio (F/M)d 0.57 0.29 0.31

Characteristics at admission
Type of ICU 1.00

Surgical 8 (36.4) 8 (36.4) 1.0
Medical 14 (63.6) 14 (63.6) 1.0 (0.2–4.1)

Origin 1.00
Home 6 (27.3) 5 (22.7) 1.0
Hospital 16 (72.7) 17 (77.3) 0.8 (0.2–3.8)
Other

Cancer 1 (4.5) 2 (9.1) 0.5 (0.1–10.0) 1.00
HIV 3 (13.6) 1 (4.5) 3.2 (0.2–182.0) 0.61
Respiratory failure 5 (22.7) 2 (9.1) 2.9 (0.4–33.8) 0.41
Renal failure 3 (13.6) 1 (4.5) 3.2 (0.2–182.0) 0.61
Cardiac failure 2 (9.1) 3 (13.6) 0.6 (0.1–6.2) 1.00
Obesity 4 (18.2) 5 (22.7) 0.8 (0.1–4.2) 1.00
Pulmonary transplantation
Diabetes mellitus 2 (9.1) 4 (18.2) 0.5 (0.1–3.6) 0.66
Cirrhosis 1 (4.5) 1 (4.5) 1.0 (0.1–82.1) 1.00
McCabe scores 0.12

0 5 (22.7) 11 (50.0) 1.0 1.0
�1 17 (77.3) 11 (50.0) 3.3 (0.8–15.8) 5.0 (1.1–29.0)

SAPS II (median [range]) 55 (15–120) 41 (13–86) 0.05

ESBL carriage 3 (13.6) 5 (22.7) 0.5 (0.1–3.3) 0.70
Surveillance period,e days [median (range)] 13 (4–37) 13 (3–37) 0.91

Antibiotic treatments
Exposure time to antibiotics, days

[median (range)]
10.5 (2–23) 8.5 (0–37) 0.52

Penicillin exposure 6 (27.3) 8 (36.4) 0.7 (0.1–2.8) 0.75
Penicillin and �-lactamase inhibitor

exposure
8 (36.4) 12 (54.5) 0.5 (0.1–1.9) 0.36

Cephalosporin exposure 13 (59.1) 12 (54.5) 1.2 (0.3–4.7) 1.00
Imipenem exposure 17 (77.3) 10 (45.5) 3.9 (0.9–18.9) 0.06
Days of imipenem exposure 0.09

0 5 (22.7) 12 (54.5) 1.0 1.0
1 to 3 8 (36.4) 6 (27.3) 3.1 (0.6–18.3) 5.3 (1.0–38.4)
4 to 21 9 (40.9) 4 (18.2) 5.1 (0.9–35.1) 6.8 (1.2–50.2)

Fluoroquinolone exposure 6 (27.3) 4 (18.2) 1.7 (0.3–9.6) 0.72
Aminoglycoside exposure 14 (63.6) 12 (54.5) 1.4 (0.4–5.8) 0.76
Glycopeptide exposure 12 (54.5) 5 (22.7) 3.9 (0.9–18.9) 0.06
Metronidazole exposure 4 (18.2) 3 (13.6) 1.4 (0.2–10.9) 1.00
Macrolide exposure 2 (9.1) 1 (4.5) 2.1 (0.1–129.6) 1.00
Colistin exposure 4 (18.2) 2 (9.1) 2.2 (0.3–26.9) 0.66

Outcome
ICU stay, days [median (range)] 27.5 (9–173) 15.0 (5–137) 0.25
Death 11 (50.0) 7 (31.8) 2.1 (0.5–8.8) 0.36

a ORs are given with the 95% confidence intervals in parentheses.
b Bivariate analysis was performed using Pearson’s chi-squared, Fisher’s exact, Wilcoxon, or Welch test (� � 0.05).
c Variables with univariate P value of �0.15 were included for multivariate analysis, which was performed using descending stepwise logistic regression.
d F, female; M, male.
e Period of surveillance, period between admission and acquisition of imipenem-resistant P. aeruginosa.
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results were very similar to our results indicating that the ORs for
IR P. aeruginosa carriage acquisition were 3.4 and 6.8 in patients
who received less than or more than 3 days of imipenem treat-
ment, respectively. However, in the present study, we did not limit
our analysis to P. aeruginosa but included all IR-GNB, as all species
can cause serious infections in ICU patients (39). A previous study
comparing the impact of antibiotic therapy on digestive flora did
not observe the emergence of carbapenem resistance in Enterobac-
teriaceae of 132 patients receiving ertapenem treatment for 4 to 14
days (40). However, ertapenem and imipenem have different
spectra of activity, and their impact on commensal flora appears
to be different (41). The fact P. aeruginosa was the most prevalent
of the isolated species may be explained by the ease with which this
species is known to become resistant.

Although not all carbapenemase genes possibly associated with
the various species were searched for, we observed great diversity
among the species and mechanisms of resistance that emerged
after imipenem exposure. Acquired IR-GNB were not restricted to
P. aeruginosa but also included S. maltophilia, A. baumannii, and
Enterobacteriaceae. In terms of mechanisms of resistance, few car-
bapenemase-producing GNB were isolated. Most IR P. aeruginosa
bacteria were resistant because of unrelated chromosomal mech-
anisms, i.e., inactivation of the OprD gene alone, together with
hyperexpression of AmpC or with overproduction of the MexAB
efflux system, as previously described in France (26, 42). In con-
trast, imipenem resistance in Enterobacteriaceae was due to hyper-
production of AmpC cephalosporinase or the production of ESBL
associated with the loss of porins, also as described previously
(7–9). However, this may change in future because of the world-
wide diffusion of carbapenemase-producing GNB (43, 44). In
hospitals where carbapenemase-producing bacteria are becoming
endemic (45, 46), they might also be selected under imipenem
exposure. Strikingly, we observed very few cases of cross-trans-
mission. Except for 4 strains of VIM-2-producing P. aeruginosa, 2
strains of S. maltophilia, and 2 DHA-1-producing K. pneumoniae
strains, all strains were genetically different, suggesting unique
emergence of resistance in each individual patient. This may be a
result of our active infection control program, but it also empha-
sizes that selection of mutants from the susceptible bacterial pop-
ulation is a major mechanism of resistance emergence during
treatment. This type of emergence and dissemination of resistance
can be reduced not only by isolation procedure but also by reduc-
tion of exposure of intestinal flora to antibiotics. Some reports
suggest that this can be achieved by administering oral beta-lacta-
mases (47, 48) or other compounds (49), as companions for an-
tibiotic treatments, a concept recently termed “eco-evo drugs”
(50).

In summary, although the study was restricted to patients from
a single hospital, which can be a limit, our results indicate that
imipenem use in ICUs is associated with the emergence of IR-
GNB in commensal flora even after short-duration treatment. Re-
ducing intestinal flora exposure to carbapenems is a major issue in
the control of emergence and spread of resistance. Empirical car-
bapenem treatments should be initiated only when necessary and
deescalation, considered soon as possible.

ACKNOWLEDGMENTS

We thank Amandine Nucci and Djalal Meziane-Cherif from the National
Centre for Antibiotic Resistance, Pasteur Institute, for technical assis-
tance. We are grateful to Patrice Nordmann for helpful discussions.

This work was supported by the National Reference Centre for Bacte-
rial Resistance in Commensal Flora, Bichat Claude-Bernard Hospital,
APHP, Paris, France, and in part by the EUFP7 EvoTar project.

We declare that we have no conflicts of interest
This study was part of “usual care” and did not raise any ethical issues.

REFERENCES
1. Bogaerts P, Rodriguez-Villalobos H, Laurent C, Deplano A, Struelens

MJ, Glupczynski Y. 2009. Emergence of extended-spectrum-AmpC-
expressing Escherichia coli isolates in Belgian hospitals. J. Antimicrob.
Chemother. 63:1073–1075.

2. Pitout JD, Laupland KB. 2008. Extended-spectrum beta-lactamase-
producing Enterobacteriaceae: an emerging public-health concern. Lancet
Infect. Dis. 8:159 –166.

3. Meyer E, Schwab F, Schroeren-Boersch B, Gastmeier P. 2010. Dramatic
increase of third-generation cephalosporin-resistant E. coli in German
intensive care units: secular trends in antibiotic drug use and bacterial
resistance, 2001 to 2008. Crit. Care 14:R113. doi:10.1186/cc9062.

4. Miliani K, L’Heriteau F, Lacave L, Carbonne A, Astagneau P. 2011.
Imipenem and ciprofloxacin consumption as factors associated with high
incidence rates of resistant Pseudomonas aeruginosa in hospitals in north-
ern France. J. Hosp. Infect. 77:343–347.

5. European Centre for Disease Prevention and Control. 2012. Anti-
microbial resistance surveillance in Europe 2011. Annual report of the
European Antimicrobial Resistance Surveillance Network (EARS-
Net). European Centre for Disease Prevention and Control, Stock-
holm, Sweden. http://ecdc.europa.eu/en/publications/Publications
/antimicrobial-resistance-surveillance-europe-2011.pdf.

6. Huang H, Siehnel RJ, Bellido F, Rawling E, Hancock RE. 1992. Analysis
of two gene regions involved in the expression of the imipenem-specific,
outer membrane porin protein OprD of Pseudomonas aeruginosa. FEMS
Microbiol. Lett. 76:267–273.

7. Crowley B, Benedi VJ, Domenech-Sanchez A. 2002. Expression of
SHV-2 beta-lactamase and of reduced amounts of OmpK36 porin in Kleb-
siella pneumoniae results in increased resistance to cephalosporins and
carbapenems. Antimicrob. Agents Chemother. 46:3679 –3682.

8. Bornet C, Davin-Regli A, Bosi C, Pages JM, Bollet C. 2000. Imipenem
resistance of Enterobacter aerogenes mediated by outer membrane perme-
ability. J. Clin. Microbiol. 38:1048 –1052.

9. Armand-Lefevre L, Leflon-Guibout V, Bredin J, Barguellil F, Amor A,
Pages JM, Nicolas-Chanoine MH. 2003. Imipenem resistance in Salmo-
nella enterica serovar Wien related to porin loss and CMY-4 beta-
lactamase production. Antimicrob. Agents Chemother. 47:1165–1168.

10. Cuzon G, Naas T, Truong H, Villegas MV, Wisell KT, Carmeli Y, Gales
AC, Venezia SN, Quinn JP, Nordmann P. 2010. Worldwide diversity of
Klebsiella pneumoniae that produce beta-lactamase blaKPC-2 gene.
Emerg. Infect. Dis. 16:1349 –1356.

11. Tato M, Coque TM, Baquero F, Canton R. 2010. Dispersal of carbap-
enemase blaVIM-1 gene associated with different Tn402 variants, mercury
transposons, and conjugative plasmids in Enterobacteriaceae and Pseu-
domonas aeruginosa. Antimicrob. Agents Chemother. 54:320 –327.

12. Souli M, Galani I, Giamarellou H. 2008. Emergence of extensively drug-
resistant and pandrug-resistant Gram-negative bacilli in Europe. Euro
Surveill. 13(47)pii�19045. http://www.eurosurveillance.org/ViewArticle
.aspx?ArticleId�19045.

13. Giamarellou H, Poulakou G. 2009. Multidrug-resistant Gram-negative
infections: what are the treatment options? Drugs 69:1879 –1901.

14. Souli M, Galani I, Antoniadou A, Papadomichelakis E, Poulakou G,
Panagea T, Vourli S, Zerva L, Armaganidis A, Kanellakopoulou K,
Giamarellou H. 2010. An outbreak of infection due to beta-lactamase
Klebsiella pneumoniae carbapenemase 2-producing K. pneumoniae in a
Greek university hospital: molecular characterization, epidemiology, and
outcomes. Clin. Infect. Dis. 50:364 –373.

15. Lautenbach E, Synnestvedt M, Weiner MG, Bilker WB, Vo L, Schein J,
Kim M. 2010. Imipenem resistance in Pseudomonas aeruginosa: emer-
gence, epidemiology, and impact on clinical and economic outcomes.
Infect. Control Hosp. Epidemiol. 31:47–53.

16. Boucher HW, Talbot GH, Bradley JS, Edwards JE, Gilbert D, Rice
LB, Scheld M, Spellberg B, Bartlett J. 2009. Bad bugs, no drugs: no
ESKAPE!An update from the Infectious Diseases Society of America.
Clin. Infect. Dis. 48:1–12.

Armand-Lefèvre et al.

1494 aac.asm.org Antimicrobial Agents and Chemotherapy

http://dx.doi.org/10.1186/cc9062
http://ecdc.europa.eu/en/publications/Publications/antimicrobial-resistance-surveillance-europe-2011.pdf
http://ecdc.europa.eu/en/publications/Publications/antimicrobial-resistance-surveillance-europe-2011.pdf
http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=19045
http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=19045
http://aac.asm.org


17. Andremont A. 2003. Commensal flora may play key role in spreading
antibiotic resistance. ASM News 69:601– 607.

18. Pultz MJ, Nerandzic MM, Stiefel U, Donskey CJ. 2008. Emergence and
acquisition of fluoroquinolone-resistant gram-negative bacilli in the in-
testinal tracts of mice treated with fluoroquinolone antimicrobial agents.
Antimicrob. Agents Chemother. 52:3457–3460.

19. Mereghetti L, Tayoro J, Watt S, Lanotte P, Loulergue J, Perrotin D,
Quentin R. 2002. Genetic relationship between Escherichia coli strains
isolated from the intestinal flora and those responsible for infectious dis-
eases among patients hospitalized in intensive care units. J. Hosp. Infect.
52:43–51.

20. Lucet JC, Decre D, Fichelle A, Joly-Guillou ML, Pernet M, Deblangy C,
Kosmann MJ, Regnier B. 1999. Control of a prolonged outbreak of
extended-spectrum beta-lactamase-producing Enterobacteriaceae in a
university hospital. Clin. Infect. Dis. 29:1411–1418.

21. American Thoracic Society, Infectious Diseases Society of America.
2005. Guidelines for the management of adults with hospital-acquired,
ventilator-associated, and healthcare-associated pneumonia. Am. J. Re-
spir. Crit. Care Med. 171:388 – 416.

22. Mermel LA, Farr BM, Sherertz RJ, Raad II, O’Grady N, Harris JS,
Craven DE, Infectious Diseases Society of America, American College
of Critical Care Medecine, Society for Healthcare Epidemiology of
America. 2001. Guidelines for the management of intravascular catheter-
related infections. Clin. Infect. Dis. 32:1249 –1272.

23. Bouadma L, Luyt CE, Tubach F, Cracco C, Alvarez A, Schwebel C,
Schortgen F, Lasocki S, Veber B, Dehoux M, Bernard M, Pasquet B,
Regnier B, Brun-Buisson C, Chastre J, Wolff M, PRORATA trial group.
2010. Use of procalcitonin to reduce patients’ exposure to antibiotics in
intensive care units (PRORATA trial): a multicentre randomised con-
trolled trial. Lancet 375:463– 474.

24. Ruppe E, Armand-Lefevre L, Lolom I, El Mniai A, Muller-Serieys C,
Ruimy R, Woerther PL, Bilariki K, Marre M, Massin P, Andremont A,
Lucet JC. 2011. Development of a phenotypic method for detection of
fecal carriage of OXA-48-producing Enterobacteriaceae after incidental
detection from clinical specimen. J. Clin. Microbiol. 49:2761–2762.

25. Hocquet D, Plesiat P, Dehecq B, Mariotte P, Talon D, Bertrand X. 2010.
Nationwide investigation of extended-spectrum beta-lactamases, metal-
lo-beta-lactamases, and extended-spectrum oxacillinases produced by
ceftazidime-resistant Pseudomonas aeruginosa strains in France. Antimi-
crob. Agents Chemother. 54:3512–3515.

26. Vettoretti L, Floret N, Hocquet D, Dehecq B, Plesiat P, Talon D,
Bertrand X. 2009. Emergence of extensive-drug-resistant Pseudomonas
aeruginosa in a French university hospital. Eur. J. Clin. Microbiol. Infect.
Dis. 28:1217–1222.

27. Barbier F, Ruppe E, Giakkoupi P, Wildenberg L, Lucet J, Vatopoulos A,
Wolff M, Andremont A. 2010. Genesis of a KPC-producing Klebsiella
pneumoniae after in vivo transfer from an imported Greek strain. Euro
Surveill. 15(1):pii�19457. http://www.eurosurveillance.org/ViewArticle
.aspx?ArticleId�19457.

28. Heritier C, Poirel L, Lambert T, Nordmann P. 2005. Contribution of
acquired carbapenem-hydrolyzing oxacillinases to carbapenem resistance
in Acinetobacter baumannii. Antimicrob. Agents Chemother. 49:3198 –
3202.

29. Poirel L, Heritier C, Tolun V, Nordmann P. 2004. Emergence of oxa-
cillinase-mediated resistance to imipenem in Klebsiella pneumoniae. An-
timicrob. Agents Chemother. 48:15–22.

30. Jarlier V, Nicolas MH, Fournier G, Philippon A. 1988. Extended broad-
spectrum beta-lactamases conferring transferable resistance to newer be-
ta-lactam agents in Enterobacteriaceae: hospital prevalence and suscepti-
bility patterns. Rev. Infect. Dis. 10:867– 878.

31. Drieux L, Brossier F, Sougakoff W, Jarlier V. 2008. Phenotypic detection
of extended-spectrum beta-lactamase production in Enterobacteriaceae:
review and bench guide. Clin. Microbiol. Infect. 14(Suppl 1):90 –103.

32. Woerther PL, Angebault C, Jacquier H, Hugede HC, Janssens AC,
Sayadi S, El Mniai A, Armand-Lefevre L, Ruppe E, Barbier F, Raskine
L, Page AL, de Rekeneire N, Andremont A. 2011. Massive increase,
spread, and exchange of extended spectrum beta-lactamase-encoding
genes among intestinal Enterobacteriaceae in hospitalized children with
severe acute malnutrition in Niger. Clin. Infect. Dis. 53:677– 685.

33. Skurnik D, Lasocki S, Bremont S, Muller-Serieys C, Kitzis MD, Cour-
valin P, Andremont A, Montravers P. 2010. Development of ertapenem
resistance in a patient with mediastinitis caused by Klebsiella pneumoniae
producing an extended-spectrum beta-lactamase. J. Med. Microbiol. 59:
115–119.

34. Healy M, Huong J, Bittner T, Lising M, Frye S, Raza S, Schrock R,
Manry J, Renwick A, Nieto R, Woods C, Versalovic J, Lupski JR. 2005.
Microbial DNA typing by automated repetitive-sequence-based PCR. J.
Clin. Microbiol. 43:199 –207.

35. McCabe WR. 1973. Gram-negative bacteremia. Dis. Mon. 1973:1–38.
36. Le Gall JR, Lemeshow S, Saulnier F. 1993. A new Simplified Acute

Physiology Score (SAPS II) based on a European/North American multi-
center study. JAMA 270:2957–2963.

37. Lepelletier D, Cady A, Caroff N, Marraillac J, Reynaud A, Lucet JC,
Corvec S. 2010. Imipenem-resistant Pseudomonas aeruginosa gastrointes-
tinal carriage among hospitalized patients: risk factors and resistance
mechanisms. Diagn. Microbiol. Infect. Dis. 66:1– 6.

38. Pena C, Guzman A, Suarez C, Dominguez MA, Tubau F, Pujol M,
Gudiol F, Ariza J. 2007. Effects of carbapenem exposure on the risk for
digestive tract carriage of intensive care unit-endemic carbapenem-
resistant Pseudomonas aeruginosa strains in critically ill patients. Antimi-
crob. Agents Chemother. 51:1967–1971.

39. Lockhart SR, Abramson MA, Beekmann SE, Gallagher G, Riedel S,
Diekema DJ, Quinn JP, Doern GV. 2007. Antimicrobial resistance
among Gram-negative bacilli causing infections in intensive care unit pa-
tients in the United States between 1993 and 2004. J. Clin. Microbiol.
45:3352–3359.

40. DiNubile MJ, Chow JW, Satishchandran V, Polis A, Motyl MR, Abram-
son MA, Teppler H. 2005. Acquisition of resistant bowel flora during a
double-blind randomized clinical trial of ertapenem versus piperacillin-
tazobactam therapy for intraabdominal infections. Antimicrob. Agents
Chemother. 49:3217–3221.

41. Carmeli Y, Lidji SK, Shabtai E, Navon-Venezia S, Schwaber MJ. 2011.
The effects of group 1 versus group 2 carbapenems on imipenem-resistant
Pseudomonas aeruginosa: an ecological study. Diagn. Microbiol. Infect.
Dis. 70:367–372.

42. Cavallo JD, Hocquet D, Plesiat P, Fabre R, Roussel-Delvallez M. 2007.
Susceptibility of Pseudomonas aeruginosa to antimicrobials: a 2004 French
multicentre hospital study. J. Antimicrob. Chemother. 59:1021–1024.

43. Walsh TR. 2010. Emerging carbapenemases: a global perspective. Int. J.
Antimicrob. Agents 36(Suppl 3):S8 –S14.

44. Mugnier PD, Poirel L, Naas T, Nordmann P. 2010. Worldwide dissem-
ination of the blaOXA-23 carbapenemase gene of Acinetobacter bauman-
nii. Emerg. Infect. Dis. 16:35– 40.

45. Daikos GL, Karabinis A, Paramythiotou E, Syriopoulou VP, Kosmidis
C, Avlami A, Gargalianos P, Tzanetou K, Petropoulou D, Malamou-
Lada H. 2007. VIM-1-producing Klebsiella pneumoniae bloodstream in-
fections: analysis of 28 cases. Int. J. Antimicrob. Agents 29:471– 473.

46. Schwaber MJ, Lev B, Israeli A, Solter E, Smollan G, Rubinovitch B,
Shalit I, Carmeli Y. 2011. Containment of a country-wide outbreak of
carbapenem-resistant Klebsiella pneumoniae in Israeli hospitals via a na-
tionally implemented intervention. Clin. Infect. Dis. 52:848 – 855.

47. Stiefel U, Harmoinen J, Koski P, Kaariainen S, Wickstrand N, Lindevall
K, Pultz NJ, Bonomo RA, Helfand MS, Donskey CJ. 2005. Orally
administered recombinant metallo-beta-lactamase preserves colonization
resistance of piperacillin-tazobactam-treated mice. Antimicrob. Agents
Chemother. 49:5190 –5191.

48. Tarkkanen AM, Heinonen T, Jogi R, Mentula S, van der Rest ME,
Donskey CJ, Kemppainen T, Gurbanov K, Nord CE. 2009. P1A recom-
binant beta-lactamase prevents emergence of antimicrobial resistance in
gut microflora of healthy subjects during intravenous administration of
ampicillin. Antimicrob. Agents Chemother. 53:2455–2462.

49. Khoder M, Tsapis N, Huguet H, Besnard M, Gueutin C, Fattal E.
2009. Removal of ciprofloxacin in simulated digestive media by acti-
vated charcoal entrapped within zinc-pectinate beads. Int. J. Pharm.
379:251–259.

50. Baquero F, Coque TM, de la Cruz F. 2011. Ecology and evolution as
targets: the need for novel eco-evo drugs and strategies to fight antibiotic
resistance. Antimicrob. Agents Chemother. 55:3649 –3660.

Imipenem Resistance in Intensive Care Patients

March 2013 Volume 57 Number 3 aac.asm.org 1495

http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=19457
http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=19457
http://aac.asm.org

	Emergence of Imipenem-Resistant Gram-Negative Bacilli in Intestinal Flora of Intensive Care Patients
	MATERIALS AND METHODS
	Study design.
	Policy of antibiotic use in participating ICUs.
	Microbiology.
	Risk factor analysis.

	RESULTS
	Study population and prevalence of IR-GNB carriage.
	Strain characteristics.
	Risk factors for IR-GNB colonization.

	DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES


